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ABSTRACT 
Greenhouse experiments and extensive field collections were 
used in investigating the ecological relationships of three 
Diptera, Blaesoxipha fletcheri (Sarcophagidae), Wyeomyia 
smithii (Culicidae), and Metriocnemus knabi (Chironomidae), 
which inhabit the digestive fluid of the pitcher plant. Only 
newly opened leaves actively attract and capture insects. As 
the leaves age, the insect victims slowly decompose and the 
leaf fluid pH lowers. Since the leaves of a pitcher plant are 
of different ages, each leaf differs in its insect capture &r-. 
bility and in the degree of decomposition of its captured in¬ 
sects. The relative abundance of the insect inhabitants of a 
leaf depends upon the leaf age as each species consumes cap¬ 
tured insect remains at different stages of decomposition. 
The buoyant larvae of B. fletcheri feed upon newly captured 
insects floating upon the surface. As the victims decompose, 
free-swimming W. smithii larvae filter-feed upon the suspended 
partiuclate matter. Accumulated insect remains on the bottom 
of the leaf chamber provide food for M. knabi. Although all 
three species feed upon the remains of captured insects, they 
do so at different times and at different strata within the 
leaves. 
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INTRODUCTION 
Pitcher plants of the New World family Sarraceniaceae 
have long been of general interest to biologists because of 
their insectivorous habits and unusual appearance. The genus 
Sarracenia, which includes eight species, is widely distributed 
from Virginia to the Gulf Coast states. One species, S. 
purpurea, extends north to Labrador and northwest to British 
Columbia (Krajina, 1968), where it occurs in glacial peat bogs. 
Wherry (1933) designated the northern form as subspecies 
gibbosa and the southern form subspecies venosa on the basis 
of minor morphological differences. However, more recent 
authorities, (Bell, 1949: McDaniel, 1971) do not distinguish 
between the two forms and suggest that these differences are 
edaphic rather than genetic. This study concerns S. purpurea 
in its northern distribution (S.jo. gibbosa Wherry), but the 
results may be applicable to the species in its entire range. 
Studies on the insectivorous nature of pitcher plants are 
numerous and have been summarized by Lloyd (1942). Insects 
attracted to the pitcher shaped leaves feed on secreted nectar 
and are directed by downward pointing hairs onto a slippery 
/ 
inner surface where tftey lose their foothold and fall into 
the leaf liquid (Harper, 1918: Hepburn et al., 1920: Jones, 
1921). Proteolytic enzymes are secreted by the plant which 
act with introduced bacterial exo-enzymes to digest the captured 
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insects (Hepburn et al., 1920; Plummer and Jackson, 1963). 
Amino acids, peptides and other nutrients from the insects 
are absorbed and utilized directly by the pitcher plant leaf 
(Plummer and Kelthey, 1964). 
Associated with this digestive fluid s,re a variety of sym¬ 
biotic organisms that subsist on the insects captured by the 
plant. Bacteria, protozoa, rotifers, nematodes, copepods, 
and mites are known to inhabit the leaf fluid (Hegner, 1926; 
Nesbitt, 1954; Chant at al., 1959; Plummer and Jackson, 1963; 
Hunter and Hunter, 1964) as well as three dipterous larvae; 
Blaesoxipha fletcheri (Sarcophagidae), Wyeomyia smithii 
(Culicidae), and Metriocnemus knabi (Chironomidae) which are 
the subject of this report. 
The presence of these symbionts in a finite volume consti¬ 
tute a miniature simplified community worthy of investigation. 
The pitcher plant leaf habitat is small, locally abundant, and 
easily sampled. Studies of the insect inhabitants of pitcher 
plant leaves have been reported by Jones (1935), Judd (1959), 
Swales (1969, 1972), Buffington (1970), and Patterson (1971). 
However, previous attempts to explain the distribution and 
abundance of these inhabitants have been of limited success 
because of the great degree of variation in the kinds and 
numbers of insects found among the leaf samples. The present 
study was designed to determine the causes of this variation 
by examining in more detail the growth and development of the 
pitcher plant and the related changes in insect inhabitants. 
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METHODS 
Field Studies. 
The contents of pitcher plant leaves were collected with 
a siphoning apparatus constructed of a 100 ml. test tube, a 
two hole rubber stopper, a large squeeze bulb, and a 5 mm. 
diameter clear plastic hose. The apparatus operates as follows: 
One end of the hose is connected to the test tube and the other 
end is inserted into the leaf liquid. A vacuum is created 
within the test tube by squeezing and releasing the connected 
bulb which rapidly siphons the leaf fluid into the test tube. 
Leaves were completely emptied in this manner, rinsed once 
with distilled water, and emptied again. 
The contents of each leaf were transferred from the siphoning 
apparatus into separate numbered vials and stored in an insu¬ 
lated case until they could be examined in the laboratory. 
If the samples could not be examined on the same day of col¬ 
lection they were stored under refrigeration (5°G) for up to 
one week. Inhabiting insects were identified and counted mac- 
roscopically at first, and then observed under a low power 
dissecting microscope to detect early instars. 
The main collecting site was a consolidated bog composed 
of a mature Chamaedaphne calyculata community located in the 
town of Belchertown, Massachusetts. Nine collections from a 
total of over 100 plants were made at this site between January 
31 and October 1, 1972. For comparison with the Belchertown 
study site, collections of from five to ten plants were also 
made from June 4 to July 15 at each Of the following locations: 
East Milford, Kent Go. and Bethel, Sussex Co., Delaware; Mana-. 
hawkin, Ocean Co., New Jersey; Little Mud Pond, Porters Lake, 
Pike Co., Pennsylvania; Bethany, Bog, Bethany, New Haven Co., 
Connecticut; Binney Pond, East Rindge, Cheshire Co., New Hamp¬ 
shire; and Lac Chat, Mt. Tremblant Provincial Park, Quebec, 
Canada. 
G-reenhouse Studies. 
Fifty pitcher plants from the Belchertown study site were 
transferred to a greenhouse at the University of Massachusetts, 
Amherst, for studies requiring more frequent observations. 
Wooden boxes 150x150x20cm., lined with polyethylene plastic, 
and filled with a mixture of peatmoss and sand, were provided 
for five lots of ten plants. Small wells were constructed in 
the peatmoss-sand mixture to monitor the water level which was 
maintained at two centimeters. A gravity fed distilled water 
system was used to sprinkle open leaves at regular intervals 
to simulate rain. This procedure was necessary since in the 
field, rain water normally maintains a fluid level within the 
leaves to facilitate insect trapping. During the colder months 
cockroaches, house flies, and fruit flies were liberated freely 
in the greenhouse at regular intervals for the plants to cap¬ 
ture ip. the absence of wild insects which entered in abundance 
during the summer months. Temperature in the greenhouse 
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varied from ambient in the summer to a relatively constant 
21°C in the winter. Day length was kept constant at 16 hours 
by means of supplementary incandescent and flourescent illumi¬ 
nation. 
As the plants grew, each new leaf was labelled the day it 
opened so that in time, each leaf of every plant was numbered 
and its precise age was known. Observations on growth rate 
and pattern were made of the 50 greenhouse-reared plants for 
one year September 1971 to September 1972. In addition, 35 
plants were similarly observed at the Belchertown study site 
throughout the 1972 growing season (June 15 to October 15). 
Eight greenhouse reared plants were transferred to indi¬ 
vidual pots and placed in a one cubic meter screened cage to 
conduct experiments on insect capture. Fifty to 100 male and 
female house flies (Musea domestica) of various ages were re¬ 
leased into the cage every other day for 30 days. Each leaf 
was examined for captured flies which were removed and counted 
before new flies were released. The number of flies captured 
by each leaf and the age of the leaf were then recorded. 
Fifty leaves of greenhouse reared plants were chosen at 
random for pH determination to determine the relationship be¬ 
tween leaf age and leaf fluid pH. Ten ml. samples were imme¬ 
diately measured on a pH meter to the nearest 0.1 unit. Re¬ 
sults were tabulated with the vial number and corresponding 
leaf age. 
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RESULTS AND DISCUSSION 
Prom observations of growth rates and growth patterns of 
the 50 greenhouse plants and 35 plants at the main field site, 
a method of determining the age of leaves on individual plants 
was developed. It was found that a new leaf always originated 
from the center of the leaf whorl and nearly opposite the pre¬ 
vious leaf. As new leaves are produced the older leaves are 
displaced outward. Eventually they die and become detached. 
The base of the petiole of each leaf nearly surrounds the stem, 
encompassing the petiole of all younger leaves. By noting the 
arrangement of leaf petioles upon the stem, all leaves of a 
plant can be chronologically numbered in the field. Age de¬ 
termination can be further aided by noting the color and con¬ 
dition of the leaves. The newest leaves will generally be pale 
in color, whereas the older leaves will become darker with 
their distal margins eventually turning brown. Figure 1 illus¬ 
trates the chronological arrangement of leaves on a typical 
plant at mid-season. Since new leaves are constantly replacing 
old, the total number of leaves on a single plant remains re¬ 
latively small. Most plants observed at all locations had 
eight or fewer leaves per individual plant. However, com¬ 
plexes of several individual plants, produced by one or more 
divisions of the rhizome, were common and made leaf age de¬ 
termination more difficult. 
The 35 study plants at the field site produced.new leaves 
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at an average interval of nearly 20 days (19.7) and produced 
an average of 5.5 new leaves per plant during the 1972 growing 
season. Growth rate in the greenhouse was slightly faster due 
to the constant higher temperature and, because leaves were 
produced continuously during the one year study period, the 
greenhouse plants produced many more leaves. However, these 
differences were not considered significant enough to prohibit 
comparisons of growth and development between the greenhouse 
plants and the field plants. Changes that were observed to 
occur in the leaves of greenhouse-reared plants were assumed 
to also occur in the plants located at the study site and at 
nearly the same rate. Leaf ages of greenhouse reared plants 
were known to the day whereas only the relative ages of field 
plants could be determined. By using the 20 day interval be¬ 
tween new leaf production, field plant leaves could be given 
approximate ages in days for comparison with greenhouse reared 
plants. Such comparison is necessary since sets of data were 
collected from both greenhouse reared and field plants. The 
leaves of an average field plant at mid-season are represented 
by the numbers on the top ordinate of Figures 2-4. The cor¬ 
responding range of age in days for each leaf is indicated on 
the bottom ordinate. 
Figure 2 represents the changes in insect capture ability 
of pitcher plant leaves that occur with age. The capture index 
on the abscissa is based on the percentage of all the flies 
captured during each testing period. The capture ability 
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of a leaf is initially low but it suddenly peaks between ten 
and twenty days and then slowly decreases. At mid-season the 
average newest leaf, no. 1, has approached its capturing peak 
whereas leaf no. 2 has just passed its peak and its ability is 
decreasing, leaf no. 3 is capturing relatively few insects 
and leaves no. 4 and 5 only occasionally, perhaps accidently, 
capture insects. These data show that a leaf captures most 
of its insects during a relatively short period early in its 
existence. Consequently, a plant composed of several leaves 
of different ages will only have one or possibly two leaves 
that are actively attracting and capturing insects. It was 
generally observed at all field locations, that one leaf 
seemed to contain more fresh insect remains than any of the 
others. This leaf would be characterized by considerable 
turbidity and a notable putrification odor. On one occasion 
during the capture ability experiments, a single leaf at its 
peak was observed to capture 40 houseflies in a 48 hour period. 
Figure 3 illustrates changes in pH of the leaf fluid with 
age. The initial pH of 5.8 is that of the distilled water in 
the sprinkling system. The pH increases rapidly to a high of 
6.5 at about day eight and then decreases slowly until after 
35 days when it is maintained at about 3.5. The variability 
of leaf fluid pH within individual plants was note by Wherry 
(1929) who tried to compare leaf fluid pH with soil pH. As 
can be seen in Figure 3, this variation is easily explained 
when the relative ages of the leaves are considered. Increasing 
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acidity with age may be a result of control by the plant 
through its secretions or a result of insect tissue degradation. 
In either event it indicates that digestion is occurring with¬ 
in the leaf fluid and its measurement can be used an as easy 
indicator of the age of the leaf. 
Results of these greenhouse studies and numerous field ob¬ 
servations show that functional differences exist among the 
leaves of an individual pitcher plant. Each leaf exhibits 
changes in insect capture rate and leaf fluid pH with increas¬ 
ing age. Through periodic production of new leaves a plant will 
possess leaves of several different functional stages which can 
be compared to stages of a single leaf at different points in 
time. 
Related to the functional changes in the pitcher plant 
leaf are changes in the kinds and number of symbiotic orga¬ 
nisms occurring within the digestive fluid. Plummer and Jack- 
son (1963) observed that the variety and abundance of bacteria 
within the digestive fluid of S. flava changes with age. These 
changes are rapid, occurring in a matter of days, with early 
forms reported to create favorable conditions for later forms. 
Obviously bacteria play an initial role in the utilization of 
captured insects. 
The roles of protozoa, rotifers, copepods, nematodes, and 
mites in the digestive fluid are not at all understood. How¬ 
ever, they are commonly found, often in abundance, and are 
important members of the pitcher plant community. Although all 
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of these organisms were frequently observed during the study, 
the present discussion will include only the insect fauna. 
Figure 4 represents average numbers of the three dipterous 
larvae found inhabiting the digestive fluid of ten field plants 
at mid-season (August 15). Although five-leaved plants were 
purposefully selected at this time to best illustrate the 
changes in insect inhabitants, the general pattern of succession 
to be described was apparent in all collections at all sites. 
The sarcophagid Blaesoxinha fletcheri was always found 
singly in one of the newest leaves, usually leaf no. 2. This 
observation held true for all except three of the 58 total ob¬ 
servations of B. fletcheri during the entire study period in 
all locations. Sarcophagids were first reported from S. minor 
by Riley (1874). Later, Aldrich (1916) described several 
species of sarcophagids from different pitch plant species. 
They are the only truly aquatic sarcophagids and possess a 
special posterior cup-like structure which protects the spiracles 
and provides buoyancy (Johannsen, 1935). The young are de¬ 
posited in the leaves by the female as first instar la,rvae and 
complete their development rapidly. Sanjean (1957) reports an 
average development time of less than seven days for the three 
larveJ. instars of several related species. Pupation occurs 
outside the leaf in the surrounding sphagnum moss. B. fletcheri 
feeds on insects that have recently been captured by the pitcher 
plant leaf and it is found only in leaves that are-at or near 
their peak insect capture ability. Attempts to rear B. fletcheri 
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in the laboratory oh a suspension of high protein hog chow 
were unsuccessful but when fresh insect carcasses were added 
to the water the larvae readily grew and pupated. These ob¬ 
servations are similar to those of Sanjean (1957). 
The mosquito Wyeomyia smithii occurred primarily in the 
newest leaves. The newest leaf (no. 1) contained mostly first 
instar larvae and eggs. The second leaf contained large num¬ 
bers of second and lesser numbers of first instar larvae and 
leaf no. 3 contained mostly fourth instar larvae and pupae. 
The older leaves, nos. 4 and 5, rarely contained more than a 
few fourth instar W. smithii larvae. Only the numbers of 
larval stages are included, in Figure 4. 
W. smithii was first studied by Smith (1902, 1904) who 
published an excellent account of the natural history of this 
unusual mosquito. However, little additional information on 
the habits of this species in nature has been published. 
Oviposition was observed to occur in the newest leaves 
usually before any water had accumulated in the leaf. This 
is contrary to reports on laboratory studies by Barr and Barr 
(1969), Price (1958), and Wallis and Frempong-Boadu (1967). 
These authors observed that eggs were preferably laid directly 
on the water surface. Barr and Barr (1969) concluded that 
those eggs laid out of water would not be viable since they 
cannot withstand desiccation. Apparently there is enough mois 
ture.supplied by the leaf on its inner walls to prevent des¬ 
iccation of the eggs and permit hatching. Field observations 
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at all sites and numerous greenhouse observations conducted 
during this study agree with the original conclusion of Smith 
(1904) that the eggs are usually laid on the lower inside por¬ 
tion of the newly opened leaves. 
Oviposition decreases with age of the leaf, and eggs are 
rarely found in leaves older than 20 days. Continuous ovi¬ 
position over this time period causes some overlap in larval 
instars occurring in any particular leaf, but it is generally 
restricted to two instars. As seen in Figure 4? larval numbers 
peak after three weeks. The number decreases sharply over 
the next few weeks and within seven weeks mortality and pupa¬ 
tion have reduced the number of larvae to less than half. The 
larvae remaining in the older leaves probably never pupate 
since the food in these leaves is scarce as indicated by the 
clarity of the fluid. 
A laboratory colony was maintained through several gene¬ 
rations on a suspension of finely ground high protein hog sup¬ 
plement. Other investigators have reported similar findings 
(Price, 1958; Wallis and Frempong-Boadu, 1987). A comparison 
of Figures 2 and 4 indicates that these is a time lag of sev¬ 
eral days between maximum insect capture and maximum numbers 
of mosquito larvae. This interval would allow bacterial and 
enzymatic actions time to act on the captured insects pro¬ 
viding abundant particulate matter for the young mosquito 
larvae*. Both laboratory and field observations indicate that 
the pitcher plant mosquito W. smithii feeds upon suspended 
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particulate matter and probably also bacteria and protozoa as 
do most other mosquito species (Laird, 1056). 
The chironomid Metriocnemus knabi was found in leaves of 
all ages but was less abundant in the newest and oldest. In 
many samples all instars were represented in all leaves re¬ 
gardless of age. The numbers of M. knabi peak after both B. 
fletcheri and W. smithii (figure 4). They remain abundant 
long after the leaf has passed its peak insect capture period 
and persist even when the leaf fluid has become relatively 
clear. M. knabi is always found in the lower portions of the 
leaves crawling among the settled insect remains. This insect 
has received little attention since its discovery by Knab (1005). 
No attempt was made to locate the eggs of this species, which 
apparently have never been described. Pupation occurs within 
a gelatinous mass attached above the water level on the inner 
surface of the leaf.- Larvae were reared to the adult stage 
with limited success in the laboratory on coarsely ground hog 
chow pellets. 
CONCLUSIONS 
The larvae of three dipterous insects inhabit the leaf 
liquid of the pitcher plant, S. purpurea. The kinds and num¬ 
bers of these insects are dependent upon the functional state 
of each leaf which is, in turn, related to its age. The re¬ 
lationship between the insect fauna and the age of the leaf 
is important to consider when sampling pitcher plants. 
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Sampling leaves of the same age category of several plants 
will yield more consistent results than sampling all the 
leaves of one plant, or sampling leaves at random. 
Although the immature stages of B. fletcheri, W. smithii, 
and M. knabi utilize the same habitat, they do so at slightly 
different times, feeding upon captured insect remains at vari¬ 
ous stages of degradation. Because of different feeding habits, 
they are also separated spacially. 
B. fletcheri is usually found floating near the water sur¬ 
face with its spiracles exposed to the air. It feeds directly 
upon floating insect bodies for a relatively short period ear¬ 
ly in the life of the leaf and is usually found in only one 
leaf per plant. The mosquito W. smithii remains below the 
water surface continuously in the early instars and not until 
the fourth instar is it commonly found suspended at the sur¬ 
face with its siphon exposed. These larvae swim freely about 
the leaf fluid feeding upon suspended particulate matter. 
They occur over a much longer period of time than fletcheri 
and are found in several leaves of a plant. The midge M. knabi 
does not float or swim but remains submerged at the bottom of 
the leaf among the accumulated insect remains upon which it 
feeds. It occurs in almost all living leaves of the pitcher 
plant but reaches its maximum abundance after W. smithii 
numbers have decreased. 
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REVIEW OE THE LITERATURE ON PITCHER PLANTS AND THEIR INHABITANTS 
(1874-1972) 
The most comprehensive taxonomic treatment of the family 
Sarraceniacoae appears in Macfarland (1908) which is Soill a 
standard reference on the subject. Since then, only minor re¬ 
visions of the taxonomic status within the family have occurred. 
There are three genera in Sarraceniaceae: Heliamrhora, with 
an undetermined number of species restricted to the mountains 
of northern South America; Darlingtonia, a monotypic genus with 
D. californioa occurring in northern California and southern 
Oregon; and Sarracenia, with- eight species occurring primarily 
on the coastal plain of southeastern United States (Wherry, 
1933, 1935; McDaniel, 1971). S. purpurea, the most widely 
distributed species in the family, extends its range from 
Virginia northward throughout most of Canada (Krajina, 1968). 
Several subspecies, varieties, and mutants have been described 
in the literature by Macfarlane (1933), Wherry (1929, 1935), 
and McDaniel (1971), which tends to confuse the taxonomic 
relationsips within this species. Bell (1949) and McDaniel 
(1971) have abolished all subspecific designations and agree 
that S. Purpurea is simply a highly variable species. Hybrids 
occur between S. purpurea and five other species where their 
distributions overlap (Harper, 1918; Russell, 1919; McDaniel, 
1971)-. No hybrids occur in its northern distribution. 
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The growth and development of pitcher plants has received 
relatively little attention. Shreve (1906) presents a detailed 
study on the development and anatomy of S. purpurea and Man- 
dossian (1966a, 1966b) gives a short discussion on growth and 
seed production of this species. 
By far, most of the literature on pitcher plants concerns 
the digestive nature of the leaf fluid. Initially, Robinson 
(1908) erroneously concluded that the captured insects are of 
no benefit to the plant and that the pitchers are for water 
storage only. Hepburn et al. (1920,1927) observed that the 
leaf fluid decreases in volume over time, indicating that 
absorption does occur. Recently, Plummer and Kethley (1964) 
demonstrated absorption and utilization of nutrients by the 
leaf with autoradiographic techniques. Wherry (1929) compared 
the leaf fluid acidity of several species of Sarracenia with 
the acidity of the soils in which they were growing. He con¬ 
cluded that no relationship existed. 
Surprisingly little work has been done concerning the 
ability of the pitcher-shaped leaves to attract and capture 
insects. Judd (1959) ana Swales (1969, 1972) have reported 
eleven orders of insects recovered from the leaf fluid of S. 
purcurea in Canada. Wray and Brimley (1943), in an extensive 
survey of over 5,000 leaves of S. flava, report a long list 
of captured insects representing twelve orders. Only Hepburn 
et al-. (1920) expressed curiosity as to the nature of the 
attractive nectar and remarks only that it is "either a 
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fructose or an invert sugar". 
More general treatments of pitcher plants are offered 
by Hooker (1874) and Lloyd (1942), but they contain little 
or no original material. 
Literature on the inhabitants of pitcher plants is abun¬ 
dant. These inhabitants can be divided into two groups; those 
$hat inhabit the digestive fluid directly and feed on insect 
remains, and those that feed upon the plant tissue. Riley 
(1874) reported the first in each category; a noctuid moth 
Exyra, which mines the leaves, and a sarcophagid Blaesoxipha, 
which occurs in the digestive fluid. Both were found in S. 
flava. Later Jones (1904, 1907, 1921, 1935) elaborated upon 
the biology of the pitcher plant moths Exyra sp. and reported 
the existence of three species which attack all Sarracenia 
species. Judd (1957) reported Exyra from S. -purpurea in 
Canada. 
Jones (1908) reported a root-boring noctuid moth from S. 
flava and S. purpurea, and a wasp (Jones, 1918) that nests in 
the upper portions of the leaves of at least one species, S. 
flava, and probably others. Lastly, a sciarid was observed 
by Jones (1920) to occur inside the leaves, but its feeding 
activities are not clear. It is reported from S. flava, S. 
minor, S. rubra, S. alata, and S. leucophylla. Recently, 
Robinson (1972) discovered a new species of aphid attacking 
the inner leaf surface of S. purpurea in Canada. 
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The inhabitants of the digestive fluid have received 
considerably more attention. Plummer and Jackson (1963) 
studied the changes in the kinds and abundance of bacteria in 
i 
S. flava and their roles in the digestive process. Hegner 
(1926) briefly described the protozoan inhabitants in S. 
purpurea, and Swales (1972) reported undescribed rotifers 
from the same species. Mites have been discovered in several 
pitcher plant species. Muma and Denmark (1968) reported a 
phytoseiid mite from S. minor in Plorida. An anoetid mite has 
been reported from S. purpurea in Canada by Nesbitt (1954). 
Hunter and Hunter (1964) report this same species from S. 
flava, S. minor, S. rubra, and S. purpurea in Georgia. Copepods 
were observed in S. purpurea by Nesbitt (1954). Nematodes 
have been reported also from ,S. purpurea by Swales (1972) and 
Muma and Denmark (1968) reported them from S. minor. 
Little is known of the biology of the fluid inhabiting 
sarcophagids, but much can be inferred from works on related 
species by Hallock (1942) and Sanjean (1957). Johannsen (1935) 
describes the morphological adaptations of pitcher plant 
sarcophagids. Hepburn and Jones (1919) suggest that anti¬ 
enzymes are secreted by these larvae to protect them from the 
digestive fluid, although nothing of this nature has ever been 
reported from any of the other digestive fluid inhabitants. 
A taxonomic treatment of this group was presented by Aldrich 
(1916)’. The occurrence of Blaesoxipha in several species of 
pitcher plants including S. purpurea, S. flava, and S. minor 
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is reported by Jones (1935). 
The midge Metriocnemus knabi was originally described by 
Coquillett (1904), but was discovered by Knab (1905) in S. 
purpurea in Massachusetts. Later, Jones, (1916) described a 
similar species, M. edwardsi« from D. californica. M. knabi 
was the subject of an intensive study in photoperiodism by 
Paris and Jenner (1959). Recently, Wiens (1972) has reported 
on the bionomics of M. knabi in Manitoba. This species is ap¬ 
parently distributed throughout the range of S. purpurea and 
is only associated with this one pitcher plant species. 
The mosquito Wyeomyia smithii is the best known inhabitant 
of the pitcher plant digestive fluid. It is one of the two 
species in the tribe Sabethini found outside of the tropics 
(Carpenter and LaCasse, 1955; Matheson, 1944). Another species, 
W. hanei, has- been described from North Carolina by Dodge (1947) 
on the basis of minor morphological characters earlier pointed 
out by Mitchell (1905). However, Brust (pers. comm.) has 
demonstrated that these characters are intermediate between 
W. smithii and a previously underscribed variety from Plorida, 
which confuses the taxonomic status of W. hanei. 
Adult W. smithii was described by Coquillett (1901) and 
the larval stage by Lyar (1901). Smith (1902, 1904) con¬ 
ducted extensive field studies on this species in Hew Jersey 
and provides an excellent account of its natural history. 
W. smithii has been the subject of numerous studies. 
Bick and Penn (1947) observed this species to be highly re- 
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sistant to desiccation in comparison with other mosquito 
species. Roth (1946) provides a description of the female 
genitalia and Mclver and Hudson (1972) report on the detailed 
structure of the sensilla on the antennae and palps of both 
W. smithii and other Wyeomyia species. Hudson (1970) also 
investigated the morphology of the female mouthparts utili¬ 
zing a scanning electron microscope and compared its struc¬ 
ture with those of several biting mosquito species. She con¬ 
cluded that the mouthparts of W. smithii were structurally 
very similar to those of the biting species, although there 
are no reports of this species biting man. Coyne (1966) 
failed to observe W. smithii to feed when offered several 
kinds of mammals, birds and reptiles under experimental condi 
tions. Price (1958a) reported an unusual monster embryo that 
frequently developed from females in a wild population in 
Minnesota. 
The eggs of W. smithii and other sabethines were investi 
gated by Barr and Barr (1969). They erroneously concluded 
that W. smithii must oviposit on the water surface in order 
to prevent desiccation of the eggs. W. smithii were observed 
to over-winter as larvae frozen in ice by Haufe (1952) in 
Labrador, and also in Minnesota by Owen (1937). Patterson 
(1971) and Evans and Brust (1972) report on over-wintering 
survival and minimal survival temperatures in Canada. 
Colonization of W. smithii was first attained by Price 
(1958b). Later, Y/allis and Prempong-Boadu (1967) and Coyne 
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(1966) also reported colonies established. This species is 
rather easily colonized because of its autogenous nature. 
Intensive diapause experiments have been conducted by Smith 
and Bruse (1971), Evans and Brust (1972), and Bradshaw and 
Lounibus (1972). They concluded that diapause is both in¬ 
duced and terminated in the third staduim by critical day 
lengths. Notes on the distribution of W. smithii are given 
by Siverly (1963) in Indiana, and Burgess and Rempel (1971) 
in Saskatchewan. This mosquito probably occurs S. purpurea 
throughout the distribution of the plant. It has never been 
reported from any other species of Sarracenia. 
* 
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